Introduction {#sec1}
============

In many cases, head and neck cancer is discovered when lymph node metastases occur or the primary tumor becomes gigantic; prognosis remains poor even with the latest developments in chemotherapy and radiotherapy \[[@cit0001]\]. Furthermore, depending on the choice of the surgical method, vocal and swallowing functions can be greatly affected, resulting in a marked decline in the patient's quality of life (QOL). Among patients who undergo radiation therapy, nearly half develop dysphagia and there is no significant difference in the mortality rate because of aspiration pneumonia and primary disease \[[@cit0002]\].

Recent advances in endoscopic technology have made it possible to detect cancers at a very early stage, which was previously impossible \[[@cit0003]--[@cit0008]\]. However, because some locations in the hypopharynx cannot be observed while the patient is in an usual position, cancer can sometimes only be detected when the patient assumes the position according to the modified Killian's method ([Photo 1](#f0002){ref-type="fig"}) \[[@cit0009]\].

![Differences in the appearance of hypopharyngeal cancer when viewed using normal light and narrowband imaging (NBI). **A** -- Hypopharyngeal cancer observed using normal light. **B** -- A brownish area is observed using NBI. Hypopharyngeal cancer is detected clearly](WIITM-13-33257-g001){#f0002}

Narrowband imaging (NBI) has been developed for use in gastroenterological medicine; hence, early-stage head and neck cancer was often detected by gastroenterologists. Initially, gastroenterologists performed oral tumor resection for head and neck cancer using the same surgical methods employed for removing esophageal cancer, such as endoscopic mucosal resection and endoscopic submucosal dissection. However, in 2007, our institution began to use endoscopic laryngopharyngeal surgery (ELPS) in collaboration with the Department of Gastroenterology to treat issues concerning airway obstruction, delayed lymph node metastases, and local recurrence.

Robotic surgery is used in Europe and the US for oropharyngeal and hypopharyngeal cancer. Although robots can perform surgery that is too delicate for humans and quickly learn surgical techniques more accurately \[[@cit0010]--[@cit0013]\], robotic surgery for the craniocervical region is yet to be approved in Japan. Hence, surgery must be manually performed using a robotic arm. In other words, it is thought that this situation is the primary reason for the widespread use of ELPS.

Here we investigated the tumor site, risk factors of delayed lymph node metastases, and survival rates among 71 cases in which lesions were operated on in our institution.

Aim {#sec2}
===

In this study, we aimed to analyze clinical outcomes and risk factors of postoperative cervical lymph node metastases after performing ELPS.

Material and methods {#sec3}
====================

Methods and instruments used were similar to those employed by Tateya *et al.* ([Photo 2](#f0003){ref-type="fig"}) \[[@cit0005]\]. We expanded the larynx using a curved laryngoscope blade (Nagashima Medical Instruments Co., Ltd, Tokyo, Japan) and secured the field of vision before inserting an endoscope with a movable tip (Olympus Medical Systems Corp., Tokyo, Japan). The area was stained with 0.75% Lugol's solution. When the stain at the tumor site had faded to a pink color, we marked a 3-mm margin and injected a saline solution containing epinephrine while using an electrosurgical knife (Olympus Medical Systems) and curved forceps (Nagashima Medical Instruments) to remove the tumor using *en-bloc* resection. Any bleeding at the site was stopped using curved tip bipolar forceps (Nagashima Medical Instruments), and the larynx was checked to ensure that there was no swelling before completing the procedure ([Photo 3](#f0004){ref-type="fig"}). Using an endoscope with a movable tip meant that the surgery could be performed without the aid of a gastroenterologist; surgery was solely performed by otorhinolaryngologists ([Photo 4](#f0005){ref-type="fig"}). The procedure is indicated for T1 and T2 cases and some T3 cases of oropharyngeal, hypopharyngeal, and epiglottis carcinomas, but the final decision was largely dependent on the mobility of the tumor.

![Surgical instruments: Sato's curved laryngoscope, rigid endoscope with a movable tip, curved forceps, and electronic needle knife](WIITM-13-33257-g002){#f0003}

![Surgical procedure. Cancer of the pyriform sinus of the hypopharynx: **A** -- insert the endoscope, **B** -- check the area stained using Lugol's solution, **C** -- mark the area to be resected, **D** -- resect the tumor with an electrosurgical knife while pulling on the forceps. Oropharyngeal cancer. Similar to the procedure performed for the hypopharynx, check the areas stained using Lugol's solution (**E--G**). In this case, the tumor has spread from the lateral wall to the posterior wall. **H** -- After marking the area to be resected, resect the tumor with an electrosurgical knife while pulling on the forceps](WIITM-13-33257-g003){#f0004}

![The person in the middle is the surgeon. The person on the right is the operator of the endoscope with the movable tip, who also injects the saline solution containing epinephrine. They are both otorhinolaryngologists. **A** -- anterior view, **B** -- posterior view](WIITM-13-33257-g004){#f0005}

We obtained informed consent from all patients before their enrollment in this study. This study was reviewed and approved by the Research Ethics Committee of Akita University Hospital and was conducted in accordance with the Declaration of Helsinki.

Results {#sec4}
=======

Patient characteristics and tumor locations are shown in [Tables I](#t0001){ref-type="table"} and [II](#t0002){ref-type="table"}, respectively. An overwhelming majority of patients were male, and the most common tumor site was the pyriform sinus of the hypopharynx. Risk factors of postoperative lymph node metastases were investigated and are depicted in [Table III](#t0003){ref-type="table"}. Delayed lymph node metastases were observed in the subepithelial layer (the tumor invades the subepithelial layer) and muscularis propria (the tumor invades the muscularis propria) \[[@cit0014]\]; there were torose lesions according to macroscopic staging classification ([Table IV](#t0004){ref-type="table"}) \[[@cit0015]\]. The 5-year survival rate for patients with early-stage cancer who were treated with resection by ELPS was compared with that for patients who were treated using chemoradiotherapy (CRT) and analyzed using the Kaplan-Meier method ([Figure 1](#f0001){ref-type="fig"}). Although it is impossible to confirm whether the whole lesion was removed using ELPS in previous cases and because there are insufficient data on the use of ELPS to confidently draw any conclusions, as the procedure has not been commonly used for long, there was a significant difference in the survival rate. This suggests that, in many cases, patients were able to avoid radiation therapy and maintain their QOL.

###### 

Patient characteristics

  Parameter                    Results
  ---------------------------- -------------------
  Number of cases              52
  Number of lesions resected   71
  Age                          69.9 years
  Sex                          Male 47; female 5

###### 

Lesion characteristics

  Origin               Number of lesions   Subsite
  -------------------- ------------------- --------------------
  Hypopharynx          51                  Piriform sinus: 35
  Post-cricoid: 2                          
  Posterior wall: 11                       
  Lateral wall: 3                          
  Oropharynx           17                  Posterior wall: 14
  Lateral wall: 3                          
  Larynx               3                   Supraglottic: 3
  Total                71                  

###### 

Risk factors of postoperative lymph node metastasis (pathological classification)

  Variable   Lymph node metastasis (+)   Lymph node metastasis (--)
  ---------- --------------------------- ----------------------------
  EP         0 (0%)                      41 (100%)
  SEP + MP   4 (13.3%)                   26 (86.7%)

Notes: depth of tumor invasion (pathological classification); Fisher's exact test; p = 0.01. EP -- carcinoma in situ, SEP -- tumor invades subepithelial layer, MP -- tumor invades muscularis propria.

###### 

Risk factors of postoperative lymph node metastasis (macroscopic classification)

  Variable    Lymph node metastasis (+)   Lymph node metastasis (--)
  ----------- --------------------------- ----------------------------
  I + IIa     4 (11.1%)                   32 (88.9%)
  IIb + IIc   0 (0%)                      35 (100%)

Notes: Subtype of tumor (macroscopic classification); Fisher's exact test; p = 0.04. I -- superficial and protruding type (\> 1 mm in depth), IIa -- slightly elevated type (\< 1 mm), IIb -- flat type, IIc -- slightly depressed type (\< 0.5 mm).

![Kaplan-Meier analysis of the 5-year disease-specific survival for stage I + II oropharyngeal and hypopharyngeal cancers comparing CRT and ELPS. The ELPS group has a higher survival rate than the CRT group. Although there was some correlation with the degree of tumor progression, the usefulness of ELPS was observed. The 5-year disease-specific survival after ELPS for oropharyngeal and hypopharyngeal cancer is 95.4% (95% confidence interval: 0.729--0.982)](WIITM-13-33257-g005){#f0001}

Discussion {#sec5}
==========

We investigated cases of patients treated with ELPS at our institution from 2007. With a 5-year disease-specific survival rate of 95.4%, the results were extremely favorable. It is possible to avoid severe dysphagia and decreased salivation caused by radiation therapy as well as death due to aspiration pneumonia caused by side effects of ELPS. Furthermore, it is possible to avoid the loss of vocal function resulting from major surgery requiring external dissection. Recent advances in endoscopic technology have made it possible for otorhinolaryngologists to detect cancers at a very early stage, which is extremely important for cases of head and neck cancer. To date, there have been only two reported cases wherein tracheotomy has been performed. In 1 case, the procedure was performed in advance to avoid postoperative problems due to the poor overall condition of the patient. In the other case, laryngeal edema developed because of lengthy surgery time when the procedure was performed under the guidance of a gastroenterologist. In this study, ELPS was performed, when appropriate, in Tis, T1, and T2, and in relatively safe areas of T3, such as the posterior wall of the oropharynx. Cases with preoperative lymph node metastases were excluded. No postoperative bleeding or stenosis and severe complications, such as pharyngeal fistula, have been experienced to date, unlike those experienced in other facilities.

Postoperative lymph node metastases can be a problem, and caution is required for protuberant tumors and tumors that reach the submucosal layers; thus, routine follow-up is important. At our institution, Honda *et al.* performed sentinel lymph node biopsy for early-stage tongue cancer, which was extremely effective \[[@cit0016]\]. Therefore, investigations are underway to determine whether this technique can be applied to oropharyngeal and hypopharyngeal cancers.

With the increase in the aged population, there has been an increase in the number of patients requesting endoscopic surgery, even for advanced cancer with lymph node metastases. Although resection of the primary tumor using ELPS is performed after neck dissection, this is a new procedure at our institution, and more data are required to properly ascertain the benefits. Moreover, there has been an increasing tendency to perform salvage surgery because it is now possible to detect relapses after CRT at an early stage. Although, at present, complete resection is performed, it is extremely difficult as the extent of tumor development is unclear because of hardening of the mucous membranes. Careful observation of subsequent progress is also required. Although endoscopic surgery is now performed by otorhinolaryngologists without assistance, the advantages of working with a gastroenterologist must not be forgotten because they are indispensable when it comes to cases where areas such as the cervical esophagus are involved. Therefore, depending on the site of the lesion, it is necessary to work together as a team.

Conclusions {#sec6}
===========

The ELPS is an extremely useful and minimally invasive form of surgery; hence, further development is expected in future. The procedure is characterized by a short duration, reduced blood loss, and low invasiveness, which collectively make it an optimal choice for elderly patients who are more likely to have other comorbidities. It has a 5-year disease-specific survival rate of 95.4% and is more effective than robotic surgery, particularly in terms of visibility for hypopharyngeal cancer. It is also attractive because of its low cost. ELPS has the advantage of being able to easily provide good visibility of the pyriform sinus of the hypopharynx and esophageal orifice, and although the procedure is complicated to learn, we believe that its use will quickly become widespread throughout Japan.
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